Synthesis and Biological Evaluation of Novel Tricyclic Carbapenems (Trinems)
Recently, MRSA has been causing serious problems in hospitals.1>2)
At present, worldwide, vancomycin is clinically the most popular treatment against MRSA.
However,with the recent increased use of vancomycin, multiple-resistant Enterococcus faecium has emerged. In the field of carbapenem antibiotics, research to discover a new anti-MRSA agent to replace vancomycin continues today and these carbapenems are mostly 1/3-methylcarbapenems.3~6) Recently, a novel class of tricyclic carbapenem (trinem) has been identified: sanfetrinem cilexetil (GV-118819, active form: sanfetrinem sodium, GV-104326) has been developed as an oral trinem by Glaxo followed by bis(triphenylphosphine)palladium dichloride and tributyltin hydride afforded trinem 5a in 58% yield (2 steps). Analogous reactions of 1 with (R)-3-acetylthiomethyl-1-allyloxycarbonylpyrrolidine in the presence of ethylenediamine and (6)-l-allyloxycarbonyl-2-mercaptomethylpyrrolidine afforded the corresponding ketones 2b and 2c in 68% and 70% yield, respectively.
These ketones were acylated to give oxalamides 3b and 3c in 51% and 80% yield, respectively. The cyclization of 3b with diethyl ethylphosphonite in refluxing toluene foi 9 hours resulted in 16%yield, but that of 3c in refluxing toluene for 4 hours proceeded with 61% yield. These results in the cyclization reaction seem to reflect the steric hindrance of the Rx group. Deprotection of both 4b and 4c in a similar manner afforded trinems 5b and 5c in 46% and 36% yield, respectively.
Alternatively, thiomethyltrinem derivatives were synthesized from 2-hydroxymethylcyclohexanone derivative 6,12 which was a versatile intermediate for the trinem synthesis, The mesylation of 6 with methanesulfonyl chloride and triethylamine afforded mesylate 7 in quantitative yield, Reaction of 7 with (S)-l-allyloxycarbonyl-3-mercaptopyrrolidine and ((S)-l -allyloxycarbonyl-2-mercaptomethylpyrrolidine furnished trans-and c/s-cyclohexanones 8a and 8b, and 9a and 9b, respectively. The ratios of 8a to 9a and 8b to 9b were both about 2: 3. These reactions seem to proceeed via Michael addition to exo-methylene intermediate 10, because the conversion of 8a to 9a hardly occurred under the same conditions without thiol Acylation of 8a followed by cyclization with diethyl ethylphosphonite in refluxing toluene afforded protected trinem lla in 81% yield. The stereochemistry at the C-4 position of lla was confirmed by the observation of NOE between methylene protons of the side chain next to the C-4 position and a proton at the C-8 position.12) Deprotection of the TBS group of lla followed by deallylation with bis(triphenylphosphine)palladium dichloride and tributyltin hydride afforded trinem 12a in 35% yield (2 steps). On the other hand, acylation of 9a proceeded quantitatively, but cyclization of the oxalamide hardly occurred by refluxing in toluene due to the steric hindrance of the cis substituent groups of the cyclohexanone moiety. The cyclization occurred by refluxing in mesitylene for 2 hours to give trinem 13a in 66% yield. Deprotection of the TBS and allyl groups of 13a afforded trinem 14a in 36% yield (2 steps). Analogous acylations of 8b and 9b followed by cyclizations in refluxing toluene furnished protected trinems lib and 13b in 53% and 46%, respectively (2 steps). This suggests that lower yields of 13a and 13b than those of lla and lib were caused by steric bulkiness of the equatorial side chain. Deprotection of lib and 13b afforded trinems 12b and 14b in 61% and 40%, respectively (2 steps).
Biological Properties The antibacterial activity (MICs) of trinems is shown in MICwas determined by the agar dilution method with an inoculum of 107 cfu/ml. 
azetidin-2-one (1, 892 mg, 2.74 mmol) and (S)-3-acetylthiomethyl-l-allyloxycarbonylpyrrolidine (1.0g, 4.ll mmol) in ethylenediamine (2.74ml, 4.ll mmol) was stirred at 60°C for 2.5 hours. Ethyl acetate (100ml) was added to the reaction mixture and the mixture was washed with water, brine, dried over Na2SO4and concentrated by evaporation under reduced pressure. The residue was purified by silica gel column chromatography (hexane-EtOAc, 1 : 1) to give 
To a solution of 2a (600mg, Synthesis of (4S,8S,97?,
The title compound 2b (470mg, 47%) was prepared as an oil from 1 (624mg, 1.92mmol) by a similar manner as that described for the preparation of 2a: IR (neat) cm"1 
Synthesis of (4S^S,9R, l OS)-lO-[(Ry i -E.ydroxyQthyl]-noxo-4-[(6r)-pyrrolidin-2-ylmethylthio]-
l -azatricyclo- [ 
7.2.0.03' 8]undecr2-ene-2-carboxylic Acid (5c) ( 1 ) (35,4^H-[(2iS,6i?)-2-[(S)-( l -Allyloxycarbonyl)pyrrolidin-2-ylmethylthio] -cyGlohexanon-6-yl]-3-[(i?)-l -(^r/-butyldimethylsilyloxy)ethyl] azetidin-2-one (2 c)
To a solution of 1 (1.46g, 4.5mmol) in methanol (30ml) were added dropwise triethylamine (1.25 ml, 8.92mmol) and (S)-1 -allyloxycarbonyl-2-mercaptomethylpyrrolidine (1.36g, 6.7mmol) in methanol under ice-cooling and the mixture was stirred at roomtemperature for 2 days. Ethyl acetate (150 ml) was added to the mixture and the mixture was washed with water, brine and dried over Na2SO4.After concentration of the mixture under reduced pressure, the residue was purified by silica gel column chromatography The title compound 4c (808mg, 61%) was prepared as an oil from 3c (1.39g, 2.18mmol) by a similar manner as that described for the preparation of 4a: IR (neat) Synthesis of (46' ,86r,9^, 
To a solution of 8a (720mg, 1.37mmol) in dichloromethane (1 0 ml) were added triethylamine (384 /il, 2.74mmol) and allyloxalyl chloride (305 mg, 2.06mmol) under ice-cooling and the mixture was stirred for 1 hour. To the mixture was added 2-propanol (52 /il, 0.69mmol) and the mixture wasstirred for 15 minutes. The mixture was concentrated by evaporation under reduced pressure and the residue was purified by silica gel column chromatography (hexane -AcOEt, 1 : 1) to give (3S,47? Synthesis of (4Jg,85,9J?,
To a solution of 9a (460mg, 0.88mmol) in dichloromethane (5 ml) were added triethylamine (245 /il, 4.69mmol) and allyloxalyl chloride (195 mg, 1.31 mmol) under ice-cooling and the mixture was stirred for 1.5 hours. To the mixture was added 2-propanol (33 /il, 0.44mmol) and the mixture was stirred for 10minutes. The mixture wasconcentrated by evaporation under reduced pressure and the residue was purified by silica gel column chromatography (hexane -AcOEt The title compounds 8b (383 mg, 26%) and 9b (543 mg, 37%) were prepared as oils from 7 (980mg, 2.76mmol) by a similar manneras that described for the preparation of 8a The title compound 13b (265 mg, 46%) was prepared as
